The present study was conducted to examine the relationship between plasma concentrations of testosterone, insulin-like growth factor I (IGF-I) and IGF-binding proteins (IGFBPs) 
Introduction
The onset of puberty has been shown to be a complex synergism between sex steroids and insulin-like growth factor I (IGF-I) in humans (Metzger et al, 1994) , sheep (Lord et al, 1991) and in cattle (Renaville et al, 1993) . During this period, testosterone is released episodically and plasma concentrations of IGF-I increase strikingly, concomitant with an increase in mean plasma concentration of testosterone. A positive corre¬ lation was noted between the concentrations of these two hormones for bull calves during this physiological step (Renaville et al, 1993) . Moreover, as in humans (Smith et al, 1993) , baboons (Crawford et al, 1994) and pigs (Lee et al, 1991a) , in cattle, the transition from prepubertal to mature male is characterized by a marked increase in concentrations (Renaville et al, 1993) . However, information on the possible link between IGF-I and testosterone synthesis during this physiological step is contradictory. Jasper (1985) , Harris et al (1985) and Attie et al (1990) , in humans, and Lee el al (1991b) , in cattle, reported that sex steroids stimulate IGF-I concentrations directly at the time of puberty, while Crawford et al (1993) concluded that the pubertal IGF-I surge in mice does not require androgens in either the pre-or postpubertal periods. In addition, Godfrey et al (1992) demonstrated that treatment with testosterone propionate delays puberty and endogenous pulsatile release of testosterone in bull calves, while Ronayme et al (1993) described an increase in testosterone concentrations in prepubertal bulls treated continuously with GnRH.
In the study described (Renaville et al, 1993 Anti-bovine IGFBP-2 and IGFBP-3 monoclonal antibodies were produced in our laboratory (Porteteile et al, 1995 
Hormone determination
Testosterone was determined by radioimmunoassay as described by Renaville et al (1983) . The minimum detectable dose of testosterone was 0.1 ng ml-1. The intra-and inter¬ assay coefficients of variation were 4.8% and 10.7%, respec¬ tively, for the low standard concentration (0.8 ng ml~) and 2.1% and 6.1%, respectively, for high standard concentration (10 ng ml-1).
The radioimmunoassay for IGF-I in bull plasma was per¬ formed according to the method described by Lemal et al (1989) and adapted by Renaville et al (1993) . In this method, as reported by Breier et al (1991) after which it remained constant until the end of the experiment (Fig. 2a) . The intensity of the IGFBP-2 (38 kDa) band was markedly reduced from day 120 (0.67 ± 0.18 units) to day 160 (0.17 ±0.08 units) (P < 0.001) and remained low until the end of the experiment (Fig. 2b) 
Immunoblotting of IGFBP-2 and IGFBPS
The immunoblot method, using monoclonal antibodies against bovine IGFBP-2 and IGFBP-3, showed a similar pattern (lanes 1-3) and three weeks after (lanes 5-7) puberty. Lane 4 represents the week during which the animal attained puberty (pulsatile release of testosterone). The proteins were revealed using monoclonal antibodies against bovine IGFBP-3 or IGFBP-2.
for these two proteins throughout the experimental period (Fig. 3) and was in agreement with data obtained using western ligand blotting.
Discussion
The study reported here was conducted to define the relation¬ ship between plasma concentrations of testosterone and IGF-I during puberty, by treating male calves with GnRH or testo¬ sterone propionate. In the control group, the onset of puberty in bull calves was identified by concomitant rises of plasma concentrations of testosterone and IGF-I, as described by Ronge and Blum (1989a, b) and Renaville et al (1993) . It has been suggested by previous studies, particularly in humans (Kerrigan and Rogol, 1992; Zachmann, 1992; Metzger et al, 1994) , that these coordinated hormonal increases are driven by growth hormone. Indeed, data from the control group in the present study suggests that the puberty-associated increase in plasma concentrations of IGF-I could result from the stimula¬ tory effect of testosterone on the somatotrophic axis, indirectly mediated via the oestrogen receptor after the aromatization of testosterone to oestradiol. Schwarz et al. (1992) reported that gonadectomy in cattle causes a fall in plasma concentrations of GH, testosterone and IGF-I and Metzer and Kerrigan (1994) showed that blocking the oestrogen receptor with tamoxifen results in decreased 24 h mean serum GH and plasma IGF-I in humans. However, Metzger et al. (1994) (Rechenberg et al, 1986; Ronayme et al, 1993) . Mann et al. (1984) reported that chronic administration of agonist analogues of GnRH induced a desensitization of the pituitary gonadotroph in rhesus monkeys. These authors also reported that infusion of a GnRH agonist in newborn rhesus monkeys suppressed the expected prepubertal increase in LH and testosterone (Mann et al, 1989 (Fabry et al, 1983 (Fabry et al, , 1984 Jones et al, 1991;  Godfrey et al, 1992) (Cohick et al, 1992; Thissen et al, 1994) .
Taking into account this information, the results of our previous study (Renaville et al, 1993) 
